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IRS MODULATORS 

Field of the Invention 

This is a general method for the prevention, induction of long term remission, or even the 
cure of various metabolic disorders in human beings and animals, including type II diabetes, 
by regulating the Irs2/Irsl ratio in cells and tissues in the body. Irsl and Irs2 are part of the 
insulin or insulin like growth factor signaling pathways, but also mediate signals by other 
growth factors and cytokines, including IFNy, IL2, IL4, EL7, IL9, IL13 or IL15; growth 
hormone, prolactin, or leptin. Irsl or Lrs2 functional activity also integrates signals emanating 
from proinflamatory cytokines, including TNFa, DL6, BLlp and related factors. In general 
proinflamatory cytokines inhibit Irsl/Irs2 signaling which might contribute to insulin 
resistance syndromes. 

Experiments in transgenic mice reveal that the essential role of Irsl and Irs2 is to promote 
somatic growth and nutrient homeostasis. Without Irsl, mice are 50% smaller than normal 
from birth until they die at 2 years of age. Insulin secretion from pancreatic (i-cells might be 
impaired in mice lacking Irsl. Mice without Irsl have less body fat. Mice without Irsl are 
glucose intolerant. People with type 2 diabetes display reduced Irsl signaling in various 
peripheral tissues, especially in muscle and fat. 

Experiments in transgenic mice reveal the essential role for Irs2 is in peripheral insulin action 
and the function, growth and survival of pancreatic P-cells. In mice, Irs2 is important for 
peripheral insulin action, as mice lacking Irs2 display glucose intolerance and hyperlipidemia. 
Pancreatic (5-cells of mice lacking Irs2 fail to survive and secrete sufficient insulin to 
compensate for the peripheral insulin resistance, which results in diabetes. By upregulating 
the levels or enhancing the cellular functional activity of Irs2 relative to Irsl, insulin is used 
more efficiently by the body to control nutrient levels. By upregulating the levels or 
enhancing the cellular functional activity of Irs2 relative to Irsl in pancreatic p-cells, glucose 
sensing and insulin secretion is improved. Thus, methods to upregulate or enhance the 
functional cellular activity of Irs2 relative to Irsl will promote insulin secretion and insulin 
action and prevent diabetes and related metabolic disorders. 



1 



Attorney Docket No. 66112-999 EV 064 965 626 US 

People with type 2 diabetes display reduced levels of Irs2 activity in various tissues accessible 
to testing, including muscle or fat 

Irs2 promotes brain growth during mouse development. Irs2 is important for 50% of brain 
growth. Moreover, without Irs2, phosphorylated Tau, a marker for Alzheimer disease 
accumulates in the hippocampus of mice. So, upregulation of Irs2 or increased function of 
Irs2 may prevent, reverse or cure neurological degenerative disease like Alzheimer's. 

Irs2 promotes growth of the retina. Mice lacking Irs2 display increased loss of retinal 
neurons, especially rod and cones. This leads to blindness. Upregulation of Irs2 or increased 
Lrs2 activity might prevent retinal degeneration or promote retinal growth and regeneration. 

Abstract of the Invention 

This invention is directed to a general method for the chronic treatment, potential cure, or 
prevention of various metabolic and related disorders in people, including diabetes, by 
regulating the Irs2/Irsl ratio in cells and tissues in the body, hrsl and Irs2 are part of the 
insulin/IGFl signaling pathway. Experiments in transgenic mice reveal an essential role for 
Lrs2 in peripheral insulin action and the function, growth and survival of pancreatic P-cells. 
By upregulating the levels or functional activity of Irs2 relative to Irsl, insulin is used more 
efficiently by the body to control nutrient levels. By upregulating Irs2 levels or functional 
activity relative to Irsl in pancreatic p-cells, glucose sensing and insulin secretion are 
enhanced. Thus methods to upregulate levels or functional activity of Irs2 relative to Irsl will 
promote insulin secretion and insulin action and prevent diabetes and related metabolic 
disorders. This invention has been tested in mice. 

< 

Background of the Invention 

Definition: Compounds which inhibit a protein (inhibitors or antagonists), activate a 
protein (activators or agonists), or stabilize the interaction between Irs2 and another binding 
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protein, all exert their effects by interacting with (binding to) Irs2 or to a protein complex 
(such as a heterodimer) one component of which is comprised of Irs2. 

Diabetes is a life threatening disease that has been known for more than 2000 years. It occurs 
in mammals as diverse as monkeys, dogs, rats, mice and human beings. The discovery of 
insulin and its purification in 1921 for use in people provided a partial treatment for diabetes 
that is still in widespread use today. Insulin levels are ordinarily adjusted by the body on a 
moment to moment basis to keep the blood sugar level within a narrow physiological range. 
Periodic insulin injections, however, can only approximate the normal state because the 
cellular response to insulin in many cases is also reduced. Consequently, for these and other 
reasons which will be discussed in detail below, life threatening complications still occur 
during the lifetime of treated diabetic patients, especially in the case of type II (adult-onset) 
diabetes. 

This invention describes a set of methods to upregulate the level or functional activity of Irs2 
in human beings and other mammals which will ameliorate or even prevent the failure or 
massive destruction of pancreatic J$-cells that causes certain forms of diabetes, and reduce the 
need for insulin by peripheral insulin sensitive tissues. Background information which 
provided a foundation for this invention was the discovery of a family of target proteins that 
function immediately downstream of the insulin receptor or insulin like growth factor 
receptors in mediating cellular functions. This target protein family, now termed the insulin 
receptor substrate (Irs) protein family, has been shown in subsequent studies, to be of central 
importance in mediating the effects of insulin on responsive cells. 

The Insulin Receptor Substrate 2 (frs2) is a signaling scaffold protein that ordinarily exists in 
all cells of the body. In liver, muscle, fat, brain and other peripheral tissues it mediates the 
effects of insulin, insulin-like growth factors, or other cytokines upon cellular metabolism, 
growth, and survival by regulating the activity of numerous enzymes and genes. It also has 
effects in pancreatic p-cells where it strongly promotes growth, function and survival. By 
upregulating Irs2 function or expression in p-cells diabetes can be prevented because existing 
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P-cells may be maintained in a functional state, thereby able to sense glucose levels and 
secrete sufficient insulin. 

The first member of the insulin receptor substrate family of proteins was discovered in 1985, 
and subsequent research efforts revealed the existence of related Irs family members as well 
as the signaling pathways to which the Irs proteins are linked. After the discovery that the 
Insulin Receptor (IR) possessed a tyrosine kinase enzyme activity, many groups searched for 
insulin receptor substrates that might regulate downstream signaling from the receptor. The 
first evidence for the existence of an actual target protein for the Insulin Receptor, 
subsequently named an Insulin Receptor Substrate, or "Irs" protein, resulted from the use of 
phosphotyrosine antibody immunoprecipitates which surprisingly revealed a 185-kDa 
phosphoprotein (ppl85) in insulin-stimulated hepatoma cells. Purification and molecular 
cloning of ppl85 revealed one of the first signaling scaffolds as well as the first Insulin 
Receptor Substrate protein (Irsl). U.S. Patent No, 5,260,200. Irsl was determined to be 
biologically important because it was phosphorylated immediately after insulin stimulation, 
and catalytically active insulin receptor mutants that failed to phosphorylate Irsl were 
biologically inactive. 

Irsl contains many tyrosine phosphorylation sites that are phosphorylated during insulin and 
insulin-like growth factor 1 (IGF1) stimulation, and bind to the Src homology-2 domains in 
various signaling proteins. The interaction between Irsl and p85 activates the class 1 A 
phosphotidylinositide 3-kinase, thereby revealing the first insulin signaling cascade that could 
be reconstituted successfully in cells and test tubes. 

Several experiments suggested that other related proteins might exist: Irsl antibodies did not 
react completely with the phosphotyrosine containing protein that migrated at 185 kDa during 
SDS-PAGE; FDCP1 cells contained a protein with characteristics similar to those of Irsl but 
failed to completely to react with antibodies directed against Irsl; the liver of transgenic mice 
lacking Irsl still contained a protein in liver that had characteristics of Irsl . All of these 
finding led one of the Applicants' to pursue the purification and cloning of a second member 
of the Irs family, Irs2. U.S. Patent No. 5,858,701 . 

r 
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Disruption of the Jxs2 gene in mice using standard gene knockout approaches results in 
diabetes that develops during the first 10 to 12 weeks of age. Pancreatic p-cells are lost from 
these mice as they age. Moreover, genes that are important for (3-cell function are down 
regulated in mice lacking Irs2. Most importantly, transgenic replacement of Irs2 in (J-cells 
restores their function and cures diabetes in various mouse model systems. 

From the integration of these and other experimental systems in mice, taken together with in 
vitro results obtained from intact cellular systems as well as subsequent unpublished 
observations, it became apparent to Applicants 1 that upregulation of the level or functional 
activity of Irs2 in humans will result in a therapeutically effective chronic treatment for 
patients suffering from diabetes, especially the adult onset (type H) form of the disease, as 
well as for other disorders in which Irs protein function is insufficient, abnormal or absent 
altogether. 

Summary of the invention > 

This invention pertains to generalized methods of preventing, curing or inducing durable 
long-term remissions in patients with diabetes, metabolic disorders, central nervous system 
diseases, obesity, fertility and other 1 human disorders in which an inappropriate level of 
functional cellular activity of the Irs family of proteins contribute to the disease state. The 
invention is particularly concerned with the modulation of the activity of Irs2-mediated 
cellular signaling pathways as a mechanism for treating human disease. 

There are two important elements of the invention disclosed herein which may be described^ 
as follows. The first element involves the key concept of enhancing (i.e. stabilizing) the Irs2 
binding interaction with various proteins both upstream and downstream that interact with 
(bind to) Irs2. These include, for example, the human Insulin Receptor (HR) which binds to 
and phosphorylates Irs2, the N-terminal c-jun kinase (JNK), as well additional upstream or 
downstream signaling elements such as src homology 2 (SH2) domain-containing proteins 
that bind to Irs2 and may also phosphorylate or otherwise modify Irs2 as well. The second 
important element involves the specific pattern of covalent modifications of Irs2 such as 
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phosphorylation of serine, threonine and tyrosine residues, ubiquitination patterns, or other 
covalent modification that alter the function, intracellular localization, or stability of Irs2. 

Although certain of these effects may be opposite in nature depending upon the cellular 
context, such modulations may be achieved pharmacologically with compounds, (and 
especially small molecules), that either stabilize Irs2 interactions with other proteins or 
accelerate the "off* rate of such interactions after Irs2 has interacted with said proteins. 
Depending upon the cellular context, any of the aforementioned activities will lead to 
alterations in cellular functioning of the Irs2-mediated signal transduction cascades, resulting 
in improvements in cellular signaling relevant to the disease states of interest as will be 
discussed in detail below. 

The method involves upregulating the expression or functional cellular activity of Irs2 
relative to Irs 1 or other Irs family members or other proteins. Upregulation of the Irs2 gene or 
Irs2 protein function promotes cell and tissue functions particular to the specific target tissue. 
Methods that promote Irs2 signaling, by upregulating Irs2 expression or Irs2 function in 
specific tissues can target or prevent specific diseases involving those specific tissues or cells. 
For example, upregulation of Irs2 in pancreatic p-cells improves glucose stimulated insulin 
secretion. Drugs that upregulate the Irs2 gene or promote Irs2 signaling in p-cells will 
promote p-cell function and prevent or cure diabetes; upregulation of Irs2 in the hippocampus 
can reduce phosphorylated Tau, a marker of Alzheimer's disease and prevents onset of the 
disease. Upregulation of Irs2 in hypothalamus promotes expression and release of 
neuropeptides that control appetite and may promote weight loss. Irs2 is also important in 
peripheral tissues that respond to insulin, so upregulation of the Irs2 gene or upregulation of 
Irs2 signaling function makes tissues more sensitive to insulin and thus less insulin is needed 
to elicit the appropriate response. In one embodiment, two or more different drugs may used 
to promote Irs2 gene expression or Irs2 function in p-cells or in hepatocytes or in neurons. 
Alternatively, a single compound might promote Irs2 gene expression or Lrs2 signaling and 
function in all of these tissues. These effects of Irs2 work together to keep glucose under 
control and prevent diabetes and related disorders that are modulated by Irs2 function. 
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The inventions further comprise methods to discover and utilize compounds that upregulate 
the function or levels of Irs2 in people to prevent or cure disease associated with insulin 
resistance syndrome, especially diabetes. 

The invention can also be used to determine whether known drugs already in use for the 
treatment of other diseases also promote Irs2 signaling functions or upregulation of Lrs2 gene 
expression. This would reveal new mechanisms of action for old drugs that might indicate 
their, use in human diseases caused by failure of the Lrs2 signaling system, such as insulin 
resistance, diabetes and the complications resulting from these disorders. 
In another example, upregulation of Irs2 expression or an increase of Irs2 signaling function 
can also be beneficial to other tissues. For example, approximately half of the growth of a 
mouse brain depends on the expression of the Irs2 gene. Therefore, drugs that promote Irs2 
signaling will also be expected to promote brain growth in mammals and people. Irs2 
signaling also plays a role in dephosphorylation of the Tau protein, a marker of Alzheimer 
disease. Upregulation of Irs2 in the hippocampus should promote normal function and 
contribute to the prevention of the neuronal degeneration associated with Alzheimer disease. 

Irs2 signaling also plays a role in feeding behavior and female fertility. Mice lacking Irs2* 
tend to gain weight as a result of the inability of the brain to properly assess whether insulin 
has been secreted or not after a meal, so the brain can not determine whether a meal has in 
fact been consumed. Upregulation of Irs2 in the hypothalamus, and more specifically which 
may include the arcuate nucleus of the hypothalamus, will promote appetite regulation that 
results in reduced weight gain or even weight loss. 

Examples of the Uses of Various Aspects of the Invention 

Assay systems for identification and subsequent use of modulators of Irs2 function* 

Cell-based assay systems capable of being adapted specifically for the examples which follow 
below have been previously developed by Applicants (See, for example, US 5,688,655). 
Furthermore, certain cell-free assay systems are also useful for use in identifying compounds 
as discussed in detail in the examples given below. One such cell-free system consists of an 
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electrochemiluminescence methodology whereby protein-protein interactions may be 
measured by the emission of light at a specific wavelength when the JR interacts with (i.e 
binds to) Irs2. Such cell free assay systems are also capable of being utilized in the 
identification and characterization of compounds as discussed in detail in the examples given 
below. Other examples are well known to investigators of skill in the art. 

Methods of identifying and using compounds that inhibit the degradation of Irs2 in p- 
cells. 

In the most general approach, cell-based screens can be established to identify compounds 
that block the intracellular degradation of Irs2. Although a variety of cell types can be used 
for this process, one that expresses (or overexpresses) Irs2 would be preferable, for example, 
according to prior teachings of U.S. 5,688,655 and related patents. Also, engineering an Irs2 
cDNA for the purpose of detecting degradation of Irs2 would also be useful. This may be 
performed, for example, through the addition of a flag tag at the COOH end of the molecule. 
More detailed information is also available to accomplish this goal. For example, 
ubiquitination promotes degradation of both Irsl and Irs2. Therefore, certain drugs that 
inhibit ubiquitination would be anticipated to protect cells from the deleterious effects that 
result from the loss of Irs2. Such drugs can also be identified using cell-based screens. 

Methods of identifying and using compounds that upregulate Irs2 function in p-cells. 

Another way to upregulate Lrs2 expression is to find a drug that stimulates transcription of the 
Irs2 genes. This can also be performed with the cell based screening methods described 
above. Beta-cell lines, such as Min6 cells may be prepared with an artificial Irs2 gene that 
contains an easily detectable readout such as a green fluorescence protein (GFP) to facilitate 
high throughput screening. PCR based screening methods may also be used to directly detect 
the expression of the endogenous gene. The hits can be tested for function on isolated mouse 
or human islet cells. Tissue specificity of the hits can be tested across various cell lines to 
determine whether the identified compounds are specific for p-cells or also promote Irs2 
expression in other cells. 
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Methods of using glucagon like peptide 1 (GLP-1) to upregulate Irs2 in beta cells and 
other tissues. 

GLP-1, as well as stable analogs like Exendin-4, has been suggested as potential treatments 
for diabetes because they appear to promote insulin secretion in response to increases in 
plasma glucose levels. GLP-1 has been shown to reverse the age-dependent decline in p-cell 
function in rats or mice. Furthermore, GLP-1 also stimulates |5-cell proliferation and 
neogenesis, and reduces or eliminates apoptosis of p-cells. In addition, GLP-1 secretion has 
also been shown to decrease in people with Type II diabetes, however subcutaneous 
administration of GLP-1 is able to improve glucose homeostasis; lower body weight, reduce 
circulating plasma free fatty acid and hemoglobin A(1C) and increase cellular responsiveness 
to insulin. Interestingly, attempts to restore normal glucose homeostasis in Irs2 v " mice by the 
administration of Exendin-4 by injection were unsuccessful, demonstrating that Irs2 plays an 
important role. 

Compounds and methods of using GLP-1 analogs that upregulate Irs2 in beta cells. 

Since GLP-1 promotes expression of Irs2, small molecules (i.e. chemical agents with 
molecular weights less than or equal to 1,000 atomic mass units (Daltons) that are chemical 
analogues will also be able to increase Irs2 expression. Such chemical compounds will 
preferably be orally available and can be used to promote Irs2 expression in p-cells and other 
ceils that contain GLP-1 receptors. 

Compounds and methods of using cyclic AMP modulators to upregulate Irs2 in beta 
cells and other tissues. 

Drugs that upregulate the concentration of cAMP in cells are well known. Since Irs2 
expression is modulated in part by cAMP levels in some cells, many current drugs may exert 
some of their effects by functioning through the upregulation of Irs2. Thus, evaluating known 
drugs for specific effects on Irs2 expression in tissues will reveal new uses of the known 
drags for the treatment of disease related to the loss of Irs2 expression or cellular function. 
Some of the effects of certain known drugs may be dependent upon their ability to upregulate 
Irs2. 
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Compounds and methods of identifying and using tissue-specific agonists that 
upregulate Irs2 in tissues of the body to prevent diseases of insulin resistance syndrome. 
One kind of drug that upregulates Irs2 might work on all tissues of the body, another kind of 
compound might display tissue specific specificity. This invention provides a way to assess 
the effect(s) of known and unknown drugs on the tissue-specific expression of Irs2. As 
known to one of skill in this art, one method to do this is to construct a mouse that contains 
an Irs2 construct containing a carboxyterminal (COOH) extension comprised of the green 
fluorescent protein. After administration of compounds to the test animal, all tissues can be 
evaluated for expression of the tagged Ir$2 protein to establish the tissue-specific effects of 
the particular compound with respect to the expression of the Irs2 gene. 

Methods of identifying and using compounds that stimulate signaling by Irs2 in p-cells 
and other cell types. 

Irs2 signaling is inhibited by many pathways including degradation and serine 
phosphorylation. Compounds that inhibit these processes will upregulate Irs2 function. As 
discussed previously, a general cell based assay system can be set up to identify compounds 
that increase Irs2 signaling. Various readouts may be used to determine when such drugs are 
identified, including glucose uptake by the cell or the subsequent expression of other known 
downstream genes. For example, specific serine phosphorylation sites are known to inhibit 
Irs2 function. Compounds that inhibit phosphorylation of the these inhibitor serine residues 
can be identified and these used to protect Irs2 function and prevent diabetes, the 
complications of diabetes or the insulin resistance syndrome, or other disorders in which Irs2 
function plays a role as discussed previously 

Introduction of an artificial gene for Irs2 into P-cells that upregulates Irs2 expression. 
Gene therapy is a general method for correcting errors in gene expression in various cells. An 
artificial gene encoding Irs2 can be introduced in to P-cells to increase the expression of Irs2 
and prevent diabetes. The gene can be constitutively active or it might contain regulatory 
elements that control its expression. Different delivery systems might be used. Adenovirus, 
HIV, lentevirus or other methods might provide ways of upregulating Irs2 in P-cells or other 
cell of the body. The upregulation of the Lrs2 gene might be accomplished during incubation 
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of isolated human islets immediately after isolation from human donors. These islets that are 
engineered to express frs2 can then be used for transplantation. Deregulation of Irs2 in 
murine islets promotes their function during transplantation, suggesting that such a method 
might work in humans. 



Introduction of a regulatory sequence that targets the endogenous gene for Irs2 so that 
it is upregulated in 0-celIs. 

The expression of genes is well known to be controlled by regulatory elements that bind 
various transcription factors. These factors are regulated by other signaling system. One way 
to upregulate a gene is to add a regulatory element to the gene so that its activity in controlled 
in a new way. There are various strong promoter available that can be inserted in front of Irs2 
that will increase its expression. By targeting these elements to specific cells Irs2 expression 
can be enhanced. 



Introduction of an artificial gene for Irs2 into isolated p-cells or pluripotent stem cells 
that are subsequently put back into patients. 

The introduction of an frs2 gene into cells in the body might be difficult. In this case it is 
easier to remove the islets from the body, treat them with DNA that will alter the expression 
of the hs2 gene, perhaps by introducing more copies of the irs2 gene, or by altering the 
regulatory region of the Irs2 gene by homologous recombination. These engineered cells can 
then be replaced into the body to cure diabetes. Alternatively, islets might be isolated from 
other people, ideally related people, but also from unrelated people. The expression of Irs2 
can then be upregulated by altering the expression of the gene by the methods described 
above and the cells can be replaced in the patient. In another possible approach, islets might 
be obtained from other mammals and expression of Irs2 increased by genetic means as 
described above. These might be pig islets, cow islet, monkey islets or even appropriate stem 
cells. The islets might have been modified already to be acceptable for transplantation into 
people. Then the modified islets expressing Irs2 can be transplanted in to the patient or 
placed into an appropriate biocompatible container to avoid rejection. 
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Introduction of an artificial gene for Irs2 into neurons that are subsequently put back 
into patients. 

Irs2 promotes neuronal growth and inhibits the phosphorylation of Tau, a marker of 
Alzheimer disease. Irs2 also promotes growth of central neurons during development. 
Upregulation of Irs2 expression in neurons used to repair neuronal damage might 
significantly enhance the opportunity for repair. Introduction hippocampal neurons 
expressing Irs2 into a hippocampus might prevent Alzheimer disease in susceptible 
individuals. Neurological damage in general, caused by trauma, might be repairable by 
introducing neurons into the damaged area for repair. The repair might be more likely to 
succeed if the neurons used contain elevated levels of Irs2 expression. 

Methods of identifying and using compounds that inhibit enzymes that degrade Irs2 in 
P-cells 

Irs2 is sensitive to degradation, and degradation is usually carried out by enzymes called 
proteases. Inhibitors of the proteases will upregulate Irs2 signaling potential as Irs2 levels 
will be protected from degradation and be available for signaling. Cell based or cell-free 
screening assay systems (as previously described) screens can be used to identify such 
inhibitors. 

Methods of identifying and using compounds that block the interaction of Irs2 with 
degrading enzymes in p-cells and other cell types. 

Specificity is achieved in biological systems through specific protein-protein interactions. In 
the case of eiizymes that promote degradation of Irs2, compounds that prevent the specific 
interaction between Lrs2 and the degradation enzymes would result in the upregulation of irs2 
protein. Cell-based and cell-free screens can be designed using tagged proteins to identify 
proteins that prevent the interaction of Irs2 with degradation enzymes. 

Methods of identifying and using compounds that inhibits the function or destruction of 
Irs2 in pregnant women. 

Female mice lacking Irs2 are infertile. By upregulating Irs2 signaling or Irs2 gene expression 
in ovaries, ovulation might be enhanced. 
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Methods of identifying and using Irs2 promoting compounds to reverse catabolism 
during acute trauma. 

A major problem during acute trauma is that insulin resistance and decreased insulin secretion 
leads to massive catabolism. Using drugs that promote Irs2 function will reverse these 
effects. 

. Methods of identifying and using Irs2 promoting compounds to prevent insulin 
resistance and diabetes in obese people 

A major problem with obesity is that peripheral tissues become insulin resistant; and if the p- 
cells fail to make enough insulin to overcome the insulin resistance then diabetes develops. 
This can be treated with compounds that upregulate Irs2 in p-cells and/or peripheral tissues. 
Upregulating Irs2 in p-cells promotes better glucose detection and insulin secretion, and 
upregulating Irs2 in peripheral tissues reduces the insulin requirements. This would reduce 
the incidence of life threatening complications. 

Methods of upregulating a gene that upregulates Irs2 levels and function in p-cells and 
other cell types. 

Like other genes, Irs2 is regulated by transcription factors. One way to increase Irs2 
expression is to increase the activity of the transcription factors that stimulate the 
transcription of the Irs2 genes. Such compounds can be easily identified through the use of 
cell based screens, as previously described. 

Methods of downregulating a gene that downregulates Irs2 levels in p— cells. 

Like other genes, Irs2 is regulated by transcription factors. Gene products that might down 
regulate Lrs2 protein or RNA levels can be targeted for inhibition to prevent this negative 
effect 
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Methods of identifying and using compounds that inhibit the inhibition or destruction 
of Irs2 in p-ceils by the immune system. 

Type 1 diabetes is an autoimmune disease. Leukocytes are attracted to islets by p-cell 
autoantigens. Once they have migrated to pancreatic islets, the leukocytes then attack and 
destroy the p-cells through cell-cell contacts or by releasing proinflammatory cytokines that 
promote p-cells death. Death of a p-cells is thought to occur through mechanisms that are 
common to other cells, such as activation of the caspase cascade including the cleavage and 
activation of caspase -3. Irs2 signaling generally inhibits apoptosis of many cells types, 
including p-cells, by promoting phosphorylation of BAD and dissociation of BCL1 that 
inhibits a cascade the culminates in caspase-3 cleavage and activation. One of the ways that 
leukocytes prepare cells for rapid killing is to remove functional Irs2 by either inhibiting its 
function or promoting its degradation. Compounds that inhibit degradation of Irs2 and inhibit 
its serine phosphorylation will oppose the killing effects leukocytes. 



Methods and compounds that protect the tyrosine phosphorylation state ofIrs2 in fi-cells. 
Irs2 mediates signals that promote functional growth and survival of p-cells through tyrosine 
phosphorylation mediated by the IGF1 receptor, insulin receptor or other receptors coupled to 
tyrosine kinases. Phosphatases dephosphorylate Irs proteins and inhibit these positive effects. 
Compounds that inhibit specific phosphatase activities in P-cells will upregulate Lrs2 function 
and promote P-cells function. General screening methods are well known that can be used to 
find drugs with the proper phosphatase inhibiting effects. For example PTP1B is an example 
of one such phosphatase that can be targeted for inhibition, and there are other important 
phoshatases in p-cells as well as in other cell types. 

Methods and compounds that inhibit ubiquitination of Irs2 in p-cells. 

Irs2 proteins are targeted for degradation upon ubiquitination. Therefore, compounds that 
inhibit the interaction between Irs2 and ubiquitin transferase complexes or inhibit the 
accessibility of residues that get ubiquitinated will prolong the half life of Irs2 and thereby 
enhance is signaling capacity. 
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Methods and compounds that that activate or inhibit serine, threonine and tyrosine 
phosphorylation of Irs2 in p-cells, neurons, or other cell types that are Irs2 sensitive for 
growth, function or survival. 

Irs2 proteins are targets for phosphorylation by serine, threonine and tyrosine kinases. 
Therefore, compounds that inhibit or stimulate phosphorylation of Irs2 will modulate Irs2 
cellular function in a therapeutically useful manner. Such functions of Irs2 will include its 
ability to interact with (bind to) other proteins involved in various signal transduction 
cascades that are beneficial for the treatment of human diseases such as type II diabetes, 
neurodegenerative diseases such as Alzheimer's disease, cardiovascular diseases, peripheral 
neuropathy, vascular disease, retinopathies, macular degeneration, and the like. 
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